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Description 

[0001] The present invention relates to a process for the gas-phase catalytic polynr^erisation, particularly for the 
polymerisation of a-oleflns, carried out in two or more interconnected polymerisation zones to which one or more 
5 monomers are fed in the presence of a catalyst under polymerisation conditions and from which the produced polymer 

is discharged. 

[0002] The development of olefin polymerisation catalysts with high activity and selectivity, particularly of the Zie- 
gler-Natta type and, more recently, of the metallocene type, has led to the widespread use on an industrial scale of 
processes in which the polymerisation of olefins is carried out in a gaseous medium in the presence of a solid catalyst. 

10 [0003] A widely used technology for gas-phase polymerisation processes is the fluidised-bed technology. In fluidised- 
bed gas-phase processes, the polymer is confined in a vertical cylindrical zone. The reaction gases exiting the reactor 
are taken up by a compressor, cooled and sent back, together with make-up monomers and appropriate quantities of 
hydrogen, to the bottom of the bed through a distributor. Entrainment of solid in the gas is limited by an appropriate 
dimensioning of the upper part of the reactor (freeboard, i.e. the space between the bed surface and the gas exit point), 

15 where the gas velocity is reduced, and, in some designs, by the interposition of cyclones in the exit gas line. The flow 
rate of the circulating gas is set so as to assure a velocity within an adequate range above the minimum fluidisation 
velocity and below the "transport velocity". The heat of reaction is removed exclusively by cooling the circulating gas. 
The catalyst components may be fed in continuously into the polymerisation vessel. The composition of the gas-phase 
controls the composition of the polymer. The reactor is operated at constant pressure, normally in the range 1 -3 MPa. 

20 The reaction kinetics is controlled by the addition of inert gases. 

[0004] A significant contribution to the reliability of the fluidised-bed reactor technology in the polymerisation of a- 
olefins was made by the introduction of suitably pre-treated spheroidal catalyst of controlled dimensions and by the 
use of propane as diluent (see WO 92/21706). 

[0005] Since fluidised-bed reactors approximate very closely the ideal behaviour of a "continuous stirred-tank reactor" 
25 (CSTR), it is very difficult to obtain products which are a homogeneous mixture of different types of polymeric chains. 
In fact, the composition of the gaseous mixture that is in contact with the growing polymer particle is essentially the 
same for all the residence time of the particle in the reactor. 

[0006] As an example, one of the major limits of fluidised-bed processes is the difficulty of broadening the molecular 
weight distribution of the obtained polymers. It is generally known that, in the continuous polymerisation of a-oleflns 

30 in a single stirred stage (which also involves steady composition of the monomers and of the chain transfer agent, 
normally hydrogen) with Ti-based catalysts of the Ziegler-Natta type, polyolefins having a relatively narrow molecular 
weight distribution are obtained. This characteristic is even more emphasised when metallocene catalysts are used. 
The breadth of the molecular weight distribution has an influence both on the rheological behaviour of the polymer 
(and hence the processability of the melt) and on the final mechanical properties of the product, and is a characteristic 

35 which Is particularly important for the (co)polymers of ethylene. 

[0007] This problem has been addressed in WO 97/0401 5. According to this document, It is possible to broaden the 
molecular weight distribution of polymers without affecting their homogeneity by means of a gas-phase process per- 
formed in a loop reactor. The gas-phase polymerisation according to WO 97/0401 5 is carried out in two interconnected 
polymerisation zones to which one or more monomers are fed in the presence of a catalyst under reaction conditions 

40 and from which the polymer produced is discharged. The process Is characterised in that the growing polymer particles 
flow through the first of said polymerisation zones under fast fluidisation conditions, leave said first polymerisation zone 
and enter the second polymerisation zone, through which they flow in a densified form under the action of gravity, leave 
the second polymerisation zone and are reintroduced into the first polymerisation zone, thus establishing a circulation 
of polymer between the two polymerisation zones, 

45 [0008] According to the teachings of WO 97/0401 5, It is possible to broaden the molecular weight distribution of the 
polymers simply by properly balancing the gas-phase compositions and the residence times in the two polymerisation 
zones of the gas-phase loop reactor. This is due to the fact that, while the polymer moves fonward in the second 
polymerisation zone flowing downward in a plug-flow mode, owing to the monomer consumption, it finds gas-phase 
compositions richer in molecular weight regulator. Consequently, the molecular weights of the forming polymer de- 

50 crease along the axis of this polymerisation zone. This effect is also enhanced by the temperature increase due to the 
polymerisation reaction. 

[0009] However, the process described in WO 97/04015 can provide only a limited control of the molecular weight 
distribution. In fact, even if hindered by the packed polymer, the diffusion of the gas within the polymerisation zone in 
which the polymer particles flow in a densified form makes it difficult to establish substantial differences In the gas 
55 compositions at different heights of that zone. IVIoreover, It Is not easy to achieve an effective balance of the residence 
times in the two different polymerisation zones of the reactor. 

[0010] Most importantly, WO 97/04015 gives no teaching on how to obtain homogeneous mixtures of polymeric 
chains having different compositions. 
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[001 1 ] It would thus be desirable to improve the process of WO 97/0401 5 in order to be able to significantly broaden 
the nr^olecular weight distribution of the obtained polymers and/or to render it suitable to the preparation of polymers 
endowed with broad composition distributions, while at the same time maintaining a high homogeneity level. 
[0012] It has now been found that the above objectives, together with additional advantages, can be achieved by 
5 properly avoiding that the gas mixture present in the fast fluidised polymerisation zone enter the densified solid flow 
polymerisation zone. 

[0013] Therefore, according to a first aspect, the present invention provides a process for the catalytic polymerisation 
in the gas-phase carried out in at least two interconnected polymerisation zones, the process comprising feeding one 
or more monomers to said polymerisation zones in the presence of catalyst under reaction conditions and collecting 
10 the polymer product from said polymerisation zones, in which process the growing polymer particles flow upward 
through one of said polymerisation zones (riser) under fast fluidisation conditions, leave said riser and enter another 
polymerisation zone (downcomer) through which they flow downward under the action of gravity, leave said downcomer 
and are reintroduced Into the nser, thus establishing a circulation of polymer between the riser and the downcomer, 
the process being further characterised in that: 

15 ,» . ' ...... 

(i) means are provided which are capable of totally or partially preventing the gas mixture present in the riser from 
entering the downcomer, and 

(11) a gas and/or liquid mixture having a composition different from the gas mixture present in the riser is introduced 
into the downcomer. 

20 

[001 4] According to a particularly advantageous embodiment of the present invention, the introduction Into the down- 
comer of the said gas and/or liquid mixture having a composition different from the gas mixture present in the riser is 
effective in preventing the latter mixture from entering the downcomer. 

[0015] As It is known, the state of fast fluidisation is obtained when the velocity of the fluidising gas is higher than 
25 the transport velocity, and it is characterised in that the pressure gradient along the direction of transport Is a monotone 
function of the quantity of injected solid, for equal flow rate and density of the fluidising gas. Contrary to the present 
invention, in the fluidised-bed technology of the known state of the art, the fluidising-gas velocity is maintained well 
below the transport velocity, in order to avoid phenomena of solids entrainment and particle carryover. The terms 
"transport velocity" and "fast fluidisation state" are well known in the art; for a definition thereof, see, for example, "D. 
30 Geldart, Gas Fluidisation Technology, page 155 et seq., J. Wiley & Sons Ltd., 1986". 

[0016] Generally, in the downcomer the growing polymer particles flow downward in a more or less densified form. 
Thus, high values of density of the solid can be reached (density of the solid = kg of polymer per m^ of reactor occupied 
by polymer), which can approach the bulk density of the polymer. A positive gain in pressure can thus be obtained 
along the direction of flow, so that it becomes possible to reintroduce the polymer into the riser without the help of 
35 special mechanical means. In this way, a "loop" circulation is set up, which is defined by the balance of pressures 
between the two polymerisation zones and by the head losses introduced into the system. 

[0017] The gas mixtures involved in the process of the invention can contain entrained droplets of liquid composed 
of liquefied gas, as it is customary when operating in the so-called "condensing mode". Generally, in the following 
description it is intended that a gas phase or a gas mixture can contain a part of entrained liquid. 
40 [0018] According to a preferred embodiment of the Invention, the introduction of the gas and/or liquid mixture of 
different composition into the downcomer Is such to establish a net gas flow upward at the upper limit of the downcomer. 
The established flow of gas upward has the effect of preventing the gas mixture present in the riser from entering the 
downcomer. 

[001 9] Conveniently, the gas mixture coming from the riser is prevented from entering the downcomer by introducing 
45 the gas and/or liquid mixture of different composition through one or more introduction lines placed into the downcomer, 

preferably at a point close to the upper limit of the volume occupied by the densified solid. The flow ratio of the gas 
introduced and the downward velocity of the solid must be regulated so that a net flow of gas flowing upward Is estab- 
lished at the upper limit of the zone into which the gas coming from the riser must not enter. 
[0020] The gas and/or liquid mixture of different composition to be fed into the downcomer can optionally be fed in 
50 partially or totally liquefied form. The liquefied gas mixture can also be sprinkled over the upper surface of the bed of 
densified polymer particles; the evaporation of the liquid in the polymerisation zone will provide the required gas flow. 
[0021] The present invention is described with reference to the attached figures, which are given for illustrative pur- 
pose and not to limit the invention. 

55 Figure 1 is a diagrammatic representation of a reactor to carry out the process according to the invention. 

Figure 2 is a diagrammatic representation of an embodiment of a reactor to carry out the process according to the 
invention. 

Figure 3 is a diagrammatic representation of another embodiment of a reactor to carry out the process according 
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to the invention. 

Figure 4 is a diagrammatic representation of a further embodiment of a reactor to carry out the process according 
to the invention. 

5 [0022] Referring to Figure 1 , the growing polymer flows through a first polymerisation zone represented by the riser 
1 under fast fluidisation conditions along the direction of the arrow 14. In the second polymerisation zone represented 
by the downcomer 2 the growing polymer flows in a densified form under the action of gravity along the direction of 
the arrow 14'. The two polymerisation zones 1 and 2 are appropriately Interconnected by the sections 3 and 5. The 
material balance Is maintained by feeding in monomers and catalysts and discharging polymer. . . 

10 [0023] Generally, the condition of fast fluidisation In the riser I Is established by the gas mixture comprising one or 
more components coming from section 5, which is fed through a line 9, that permits also the transfer of the polymer 
from the downcomer 2 to the riser 1. Part of the gaseous mixture can be fed to the riser 1 through a line 10 placed 
below the point of reintroduction of the polymer Into the riser 1 . The line. 10. can be endowed, where appropriate, with 
gas distributor means such as, for example, a distributor grid. 

15 [0024] The velocity of the transport gas injected into the riser 1 has to be higher than the transport velocity under 
the operating conditions, and depends on the gas density and the particle size distribution of the solid. It Is preferably 
comprised between 0.5 and 15 m/s, more preferably between 0.8 and 5 m/s. 

[0025] The control of the polymer circulating between the two polymerisation zones can be effected by metering the 
amount of polymer leaving the downcomer 2. This can be done by using means suitable for controlling the flow of 

20 solids such as, for example, mechanical valves (slide valve, butterfly valve, V-ball valve, etc.) or non-mechanical valves 
(L valve, J valve, reverse seal, etc.). The interconnection section 5 can be horizontal or inclined. A grid can be provided 
placed substantially longitudinally in the section 5 and separating the bottom part of the said section from the upper 
part where the solid flows: at least part of the recycle gas is Introduced below the grid thus allowing a certain fluidisation 
of the solid In the section 5 to facilitate flow. 

25 [0026] The polymer and the gaseous mixture leaving the riser 1 are conveyed to a solid/gas separation zone 4. The 
solid/gas separation can be effected by using conventional separation means such as, for example, a separator of the 
inertlal type or of the centrifugal type, or a combination of the two. The centrifugal separator (cyclone) can be of the 
axial, spiral, helical or tangential type. It may be important to avoid a too big pressure drop in the solids separation 
zone 4 in order to have a sufficient pressure at the bottom of the downcomer 2, which avoids possible reflux of the gas 

30 stream. Therefore, separators are particulariy preferred that do not present a strong resistance to the gas flow, such 
as axial flow cyclones, settling chambers; to this regard, it can be noted that the presence of fines in the recycle line- 
Scan be, to some extent, tolerated. Accordingly, section 3 can be a circular connection ending into an axial flow cyclone, 
thus avoiding sharp bends of the flow pattern at the exit of the riser 19 and at the entrance Into the downcometr 2. 
[0027] From the separation zone 4, the polymer enters the downcomer 2. The gaseous mixture leaving the separation 

35 zone 4 Is compressed, cooled and transferred, if appropriate with, addition of make-up monomers and/or molecular 
weight regulators and/or inert gases, to the riser 1 via the line 9. This transfer is effected by means of a recycle line 6 
for the gaseous mixture, equipped with means for the compression 7 and cooling 8 and a line 1 3 for feeding monomers, 
molecular weight regulators and, optionally, inert gases. A part of the gaseous mixture leaving the separation zone 4 
can be transferred, after having been compressed and cooled, to the bottom of the riser 1 through the line 10. Almost 

40 all of the gas sent to the riser 1 can be Introduced through line 1 0, while a smaller amount needed to regulate the flow 
of polymer coming from the downcomer and to transport it through section 5 can be Introduced through the line 9. Due 
to this function, it may be preferred that the gas sent through the line 9 does not contain condensed components: in 
this case, the means 8 for cooling should be placed on line 10. 

[0028] Means for cooling the reaction gases can be placed at any suitable point, according to the knowledge of the 
45 skilled in the art. For example, a jacket heat exchanger can be placed around any of the polymerisation zones to better 

control the temperature profile therein. 

[0029] Generally, the various catalyst components are fed to the riser 1 through a line 12 that is preferably placed 
in the lower part of the riser 1 . However, they can be fed at any other point of the riser 1 , as well as at any point of the 
. downcomer 2 or of the interconnecting sections 3 and 5. . 

50 [0030] The polymer can be discharged through a line 11 advantageously placed in the downcomer 2, where the 
polymer particles flow in a more packed form, so to minimise the quantity of entrained gas. By inserting a controlled 
valve at a suitable point upstream of the exit region of the polymer from the downcomer, it becomes possible to con- 
tinuously control the withdrawal of the polymer produced. The amount of gas accompanying the discharged polymer 
Is extremely small and only slightly greater than what can be achieved by Interposing a series of hoppers in alternating 

55 intermittent operation. 

[0031 ] According to the present invention, the gas mixture that is separated from the circulating solid in the separation 

zone 4 must be prevented to enter the downcomer 2. According to a particulariy advantageous embodiment of the 
present invention, this can be achieved by feeding a gas and/or liquid into the downcomer 2 through a line 15 placed 
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at a suitable point of said downcomer 2, preferably in the upper part thereof. The gas and/or liquid nnixture to be fed 
into the downcomer 2 should have an appropriate composition, different from that of the gas mixture present in the 
riser 1 . The said gas and/or liquid mixture partially or totally replaces the gas mixture entrained with the polymer particles 
entering the downcomer. The flow rate of this gas feed can be regulated so that a flow of gas counter-current to the • 
5 flow of polymer particles is originated in the downcomer 2, particularly at the top thereof, thus acting as a barrier to the 
gas mixture coming from the riser 1 which is entrained among the polymer particles. 

[0032] It is also possible to place several feed lines 17 in the downcomer 2 at different heights, in order to better 
control the gas-phase composition throughout said downcomer. The composition of the gas and/or liquid introduced 
through those feed lines can be the same or differ from that of the stream introduced in 1 5. These additional feed lines, 
JO as well as line 15, can be used to introduce condensed monomers or inert components. Their evaporation in the 
- - downcomer 2 contributes to remove the heat of reaction, thus allowing to control the temperature profile in the down- 

comer 2 in a reliable way. 

[0033] The temperature profile in the downcomer 2 can be also controlled by means of a cooling jacket placed around 
its external wall. The downcomer 2 can also be shaped as a tube bundle, In order to better release heat to the outside. 

15 [0034] In order to control the solids recirculation between the two zones, and to provide greater resistance to back- 
ward gas flow in the section where the downcomer 2 leads into the connecting section 5, the section of the bottom of 
the downcomer 2 can be conveniently restricted, for example being shaped like a funnel. Advantageously, adjustable 
mechanical valves can be employed, such as, for example, a throttle valve, such as a butterfly valve. Another suitable 
device is the so-called "pinch valve", which reduces the possibility of clogging of the reactor's section. This valve 

20 consists in a flexible membrane adapted to the reactor's wall, so that, when introducing a gas into the space between 
the wall and the membrane, the latter restricts the section of the reactor to the desired extent. 
[0035] In order to better control the polymer's flow through the bottom of the downcomer 2, it may be advantageous 
to introduce a gas stream ("dosing gas") into the lower part of the downcomer 2, at a point just above the section where 
the downcomer 2 leads into section 5 through an appropriated line 16. This means that this gas stream is introduced 

25 above the restriction as above described, if this is foreseen. The presence of both the restriction and the said gas 
stream is particularly advantageous for the control of the process, in particular of the flow of recirculated polymer and • 
the pressure in the terminal section of the downcomer 2. The gas to be introduced through line 1 6 may be taken from 
the recycle line 6, preferably upstream the cooling means 8, likewise the gas to be introduced through line 9. Then it 
may be necessary that the flow of the polymer in the downcomer and of the gas introduced through lines 9 and/or 16, 

30 particularly 1 6, be regulated in order to avoid that this dosing gas flow upwards into the downcomer 2. 

' [0036] Various methods can be used to increase the density of the polymer suspended in the riser 1 , in order to 
increase the residence time of the growing particles therein. Thus a better utilisation of the reactor's volume, besides 
the regulation of the relative amounts of the polymer produced In the riser 1 and the polymer produced in the downcomer 
2, is possible. For example the exit of the riser 1 can be shaped as a sudden restriction and the connecting section 3 

35 can have a smaller diameter than the riser 1 , or the riser 1 and the section 3 can form a sharp angle. 

[0037] A part of the riser 1 can have a larger diameter, than that which allows a gas flow velocity capable to cause 
fast f luidisation. Thus this section behaves as a conventional fluidised bed, and the hold-up of the solid is considerably 
increased. 

[0038] According to another embodiment of the process of the invention, it is provided more than one polymerisation 
40 zone, through which the growing polymer particles flow downward under the action of gravity (downcomers), and the 
gas mixture arriving from the riser is prevented to enter only Into some of the downcomers, while in the other downcomer 
(s) the circulation of said gas mixture is permitted. By properly regulating the level in the downcomers, it is possible to 
adjust the relative residence times of the growing polymer particles In zones in which different polymers are formed, 
according to the characteristics of the target products. In fact, since this level regulation is more easily achieved in the 
45 downcomers wherein the circulation of the gas mixture arriving from the riser is permitted, this embodiment allows 
more operational flexibility. 

[0039] The above-described embodiment is illustrated in Figure 2. With reference to this figure, the stream of gas 
with entrained solid coming from the riser 1 is split in two parts and sent to the solid/gas separators 4 and 4'. The gas 
separated in both separators is sent to a recycle line 6, compressed in a blower 7, cooled in a heat exchanger 8 and 

50 reintroduced into the interconnecting sections 5 and 5' through lines 9 and 9' and, optionally, also at the bottom of the 
riser 1 through line 10. The solid separated in the separation zones 4 and 4' fall into the downcomers 2 and 2' where 
they flow downward in densified form under the action of gravity. A feed line 15 introduces into the downcomer 2 a 
stream of gas of composition different from that present in the riser 1 , while the gas mixture present in the downcomer 
2' is constituted by gas coming from the riser 1 and entrained among the polymer particles flowing in densified form, 

55 Make up monomers and other reactants can be fed through line 13. 

[0040] Another example of the above-described embodiment Is illustrated in Figure 3, With reference to this figure, 
the gas stream coming from the riser 1 is sent to the gas/solid separator 4. The separated solid falls partly into the 
downcomer 2 and the solid exceeding the solid flow rate established in the downcomer 2 overflows into the downcomer 
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2\ Therefore, the level of solid in the downcomer 2 is kept constant by the overflow accommodation, while the level in 
the downcomer 2' is adjusted wilh one of the methods described above. A line 15 for feeding gas is provided into the 
downcomer 2 to prevent gases coming from the riser 1 from entering that zone. The gas separated in the gas/solid 
separator 4 is recycled on top on the reactor as described with reference with the other figures. 
5 [0041] Any possible combination of risers and downcomers is intended as comprised within the spirit of the process 
of the invention. 

[0042] It is possible that the amount of gas and/or liquid (barrier stream) that is needed to prevent the gas mixture 
entrained with the solid particles leaving the gas/solid separator from entering the downcomer is larger than the amount 
of the component(s) that is needed as make-up stream. Therefore it may be necessary that part of the gas stream 
10 separated from the solid in the gas/solid separator 4 (reference is made to figure 1) is fed through line 15 as barrier 
stream, after removal or sufficient reduction of the component(s) which must be prevented from entering the downcomer 
2. 

[0043] In figure 4 it is shown a process scheme that is particularly advantageous to be employed when the volatility 
of the components which must be fed as barrier stream (through line 1 5) and of those which must be prevented from 
J5 entering the downcomer 2 is sensibly different; more precisely, when the latter are the most volatile. This scheme is 
particularly suitable when the process of the invention is used to produce broad molecular weight olefin polymers and 
hydrogen is used as molecular weight regulator in the riser 1 . 

[0044] After the hydrogen containing recycle stream of line 6 has been compressed, a part thereof is sent through 
- line 18 to a condenser 19, where It is cooled to a temperature at which the monomer(s) and the optional inert hydro- 

20 carbon component(s) condense. The solubility of the hydrogen in the liquid is then low enough that the liquid obtained 
is suitable to be fed through line 15 into the upper part of the downcomer 2 as previously described. A separating 
vessel 22 is also preferably present downstream of the condenser 1 9. The separated gaseous mixture rich in hydrogen 
is advantageously recirculated through line 20 to the recycle line 6. When this particular scheme is adopted, the make- 
up components that must be present in the downcomer 2 may be fed at any suitable point directly into line 1 5. A suitable 

25 point of introduction for components in the liquid state is directly into the vessel 22, through line 21 . The liquid can be 
fed into the downcomer by gravity by placing vessel 22 at a convenient height or by any suitable means, such as a 
pump 23. ... 

[0045] According to a preferred embodiment, particularly indicated when this particular scheme is adopted, the upper 
part 25 of the downcomer 2 acts as a stripping column to further remove the volatile component, e.g. hydrogen, from 

30 the gas stream flowing through the downcomer 2. The barrier stream is fed through line 1 5 in the liquid state. The heat 
necessary for the stripping process is continuously supplied by the polymer particles, coming from the separator 4, 
since they develop their heat of polymerisation. It Is apparent.that the temperature of the polymer particles must be 
' above the boiling-point of the liquid fed through line 1 5. A way to achieve this is to operate at a temperature high enough 
in the riser 1 . By a careful balance of the flow of the solid through this section and the liquid feed through line 15, the 

35 hydrogen rich gas evaporated is made to flow upwards (towards separator 4, where it will be sent to line 6); the hydrogen 
content of the liquid flowing downwards decreases as it goes down to the lower section, as it happens in a normal 
packed-bed distillation column. The liquid mixture, made sufficiently hydrogen-free, flows with the solid particles into 
the downcomer 2, where it gradually evaporates. 

[0046] A heater 24 can also be foreseen on line 15 to provoke a partial evaporation of the liquid to be fed into the 
40 downcomer, so that an hydrogen-rich gas is already generated to facilitate its removal and the successive fractionation. 
Any suitable combination of heaters, condensers and fractionating devices on line 15 clearly falls within the spirit of 
the present invention. 

[0047]* The liquid or gas-liquid mixture can be fed into the upper part 25 of the downcomer 2 by any suitable device. 
For example it can be sprayed above the top of the packed-bed present in section 25, or introduced by one or more 

45 pipes protruding into the said section. 

[0048] In order to assure that section 25 is not fluidised, but behaves like a packed-bed liquid-drowned column, It 
has preferably a bigger diameter than the rest of the downcomer 2. its lower part can be funnel-shaped. 
[0049] The embodinients described in figure 4 are also suited for other processes than the production of broad f^WD 
polymers by use of hydrogen. It can be used, for instance, to produce blends of a propylene homopolymer and a 

50 random copolymer of propylene with ethylene. In this case, the same scheme applies, with ethylene being the volatile 
component, so that the homopolymer is produced in the downcomer. This scheme can also be applied when a heavier 
component must be present in higher concentration in the downcomer; for example, when a propylene homopolymer 
or copolymer with low 1 -butene content must be prepared In the riser and a propylene copolymer with higher 1 -butene 
content must be prepared in the downcomer. In particular, the upper part 25 of the downcomer 2 can be used as a 

55 1 -butene enrichment section for the liquid mixture that flows downward to the downcomer. 

[0050] Another example of application of this embodiment is when ethylene Is (co)polymerised in the presence of a 
less volatile inert, such as propane, which can be condensed at the operating pressure and utilised as barrier fluid, to 
prevent hydrogen from entering the downcomer. In this case ethylene can be reintroduced directly into the downcomer 
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in different positions. . - - 

[0051] The process of the present invention can be combined with conventional polynnerisation technologies (in bulk 
or in the gas-phase, either in a fiuldised-bed or in a stirred bed), to give rise to any possible sequential or interposed 
multi-stage process. 

5 [0052] When two or -more downcomers are provided, it is possible to feed to different downcomers gas mixtures 
• having compositions different among them and also different from the composition of the gas mixture present in the riser. 
[0053] Further, in the present process it is Intended that each of the polymerisation zones can be constituted by one 
or more reactors. 

[0054] Since fines can be tolerated In the recycle stream 6 to be fed to the riser, but can disturb the operations if 

10 they are fed into transport section 5 or into the downcomer through line 1 6 or to the condenser 19, the gas separated 
from line 6 to feed lines 9, 16 and 18 can conveniently be treated in a fines separator of any suitable kind. The fines 
can be recirculated into line 6, or sent along with the gas stream fed to the riser through line 1 0. 
[0055] Any type of suitable catalyst can be used In the process of the present invention, since it is not important for 
it to be in any particular physical state, and catalysts In either solid or liquid form can be used. In fact, in contrast to 

15 the conventional fluidised-bed gas-phase processes, the process of the present invention does not necessarily require 
the use of catalysts In which at least one component is in a granular form, but can be carried out with catalysts in which 
the various components are in solution. For example, catalysts for the polymerisation of olefins based on titanium, 
chromium, vanadium or zirconium can be used either in supported or unsupported form. Examples of catalysts that 
can be used are described In the patents USP 4,748,272, USP 4,302,566, USP 4,472,520 and USP 4,218,339. Par- 

20 ticularly suitable are the catalysts of controlled morphology, which are described in the patents USP 4,399,054, USP 
5.1 39,985, EP-395,083, EP-553,805, EP-563,806 and EP-601 ,525. and in general catalysts capable of giving polymers 
in the form of spheroidal particles having a mean dimension between 0.2 and 5 mm, preferably between 0.5 and 3 
mm. The process of the present invention is particularly, suitable for tJie use of metallocene catalysts, either in solution 
or supported. The various catalysit components can be introduced at the same point or at different points of the riser 

25 and/or of the downcomer. The catalyst can be fed in either without prior treatment or in a prepolymerised form. In case 
other polymerisation stages are situated upstream, It lis also possible to feed the polymerisation zones with a catalyst 
dispersed in a polymer suspension coming from an upstream bulk reactor, or a catalyst dispersed in a dry polymer 
coming from an upstream gas-phasiB reactor. If a catalyst in solution is employed, it is advantageous to feed the solution 
into the downcomer. In this case it is necessary to feed also a solid support in form of particles, for instance prepolymer 

30 particles. The solid support particles are preferably fed Into the riser. 

[0056] The polymer concentration in the reactive zones can be monitored by the usual methods known in the state 
of the art, for example by measuring the differential pressure between two suitable points along the axis of the polym- 
erisation zones or measuring the density by nuclear detectors (for example yrays). 

[0057] The operating parameters such as, for example, temperature and pressure, are those that are usual in gas- 
• 35 . phase catalytic polymerisation processes. For example, the temperature in gas-phase processes for the polymerisation 
' of olefins is generally comprised between 50°C and 120°C. 

[0058] The process of the present invention can advantageously be used for the preparation of a large number of 
olefin polymers without the disadvantages described above. Examples of polymers that can be obtained are: 

.40 - high-density polyethylenes(HDPEs having relative densities higherthan 0.940) Including ethylene homopolymers 
and ethylene copolymers with a-oleflns having 3 to 1 2 carbon atoms; 

linear polyethylenes of low density (LLDPEs having relative densities lower than 0.940) and of very low density 
and ultra low density (VLDPEs and ULDPEs having relative densities lower than 0.920 down to 0.880) consisting 
of ethylene copolymers with one or more a-olefins having 3 to 12 carbon atoms; 
45 - elastomeric terpolymers of ethylene and propylene with minor proportions of diene or elastomeric copolymers of 
■ ethylene and propylene with a content of units derived from ethylene of between about 30 and 70% by weight; 
- ■ isotactic polypropylene and crystalline copolymers of propylene and ethylene and/or other a-olefins having a con- 
tent of units derived from propylene of more than 85% by weight; 

isotactic copolymers of propylene and a-olefins, such as 1 -butene, with an a-olef In content of up to 30% by weight; 
50 - Impact-resistant propylene polyrtiers obtained by sequential polymerisation of propylene and mixtures of propylene 
with ethylene containing up to 30% by weight of ethylene; 

atactic polypropylene and amorphous copolymers of propylene and ethylene and/or other a-olefins containing 
more than 70% by weight of units derived from propylene; 
polybutadiene and other polydiene rubbers. 

55 • ■ • ■ • • ...... 

[0059] If broad molecular weight distribution polymers are targeted, a molecular weight regulator, such as hydrogen, 
can be fed into the riser to obtain low molecular weight chains. The molecular weight regulator should be prevented 
from entering the downcomer (or allowed therein only in a much lower concentration). This can be achieved, according 
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to the invention, by feeding into the downcomer a gas mixture free of the molecular weight regulator consisting, for 
Instance, of monomers and inert gases. By maintaining the downcomer substantially free of molecular weight regulator, 
polymeric chains will be formed in the two zones with considerably different molecular weights. The fast circulation of 
the solid between the different polymerisation zones allows obtaining a high homogeneity of the product. This Is an 

5 important feature, particularly when the polymer is used for certain applications, such as the production of films. 

[0060] A particularly interesting use of the presently claimed process is for the preparation of in-reactor made blends 
of polymers having different compositions. In fact, if the gas mixture introduced into the downcomer contains different 
monomer concentrations and/or types with respect to the gas-mixture present in the riser, the product will be an Intimate 
blend of polymer chains having different compositions. . 

10 [0061] It may be found advantageous that the gas mixture present in the riser be only partially prevented from entering 
the downcomer. An example of application of this embodiment is the preparation of a blend of copolymers with different 
concentrations of the same comonomer in the two polymerisation zones. By feeding a mixture free of the said comon- 
omer into the downcomer, the concentration of that comonomer therein will be lower than that in the riser. Thus a blend 
of two different copolymers will be obtained. 

15 [0062] Advantageously, one or more inert gases are maintained in the polymerisation zones, in such quantities that 
the sum of the partial pressures of the inert gases is preferably between 5 and 80% of the total pressure of the gases. 
The inert gas can be nitrogen or an aliphatic hydrocarbon having 2-6 carbon atoms, preferably propane. The presence 
of the Inert gas has numerous advantages. It makes It possible to moderate the reaction kinetics while at the same 
time maintaining total reaction pressures sufficient to keep low the head of the circulation compressor. This assures 

20 an adequate mass flow rate for the heat exchange on the particle in the bed and, through the cooler on the circulating 
gaseous mixture, for the removal of the heat of reaction that has not been removed by the surfaces. Another advantage 
of the presence of the Inert gas Is that it allows limiting the temperature increase in the downcomer, which runs in an 
essentially adiabatic mode. 

[0063] It must be also noted that by using an apparatus In which the solid continuously circulates and, in particular, 
25 is continuously transported as it happens both in the riser and in the downcomer, heat removal efficiency can be higher 
than in a conventional fluidised bed. This permits to have a higher specific productivity than that obtainable in a con- 
ventional fluidised bed. 

[0064] The present invention also relates to an apparatus for the gas-phase catalytic polymerisation comprising a 
first vertical, preferably cylindrical, reactor 1, a second vertical, preferably cylindrical, reactor 2; the upper region of 

30 said reactor 1 being connected by a connecting part 3 (i.e. a pipe) to a solid gas separator 4, which is in turn connected 
to the upper region of said second reactor 2; the tower region of said second reactor 2 being connected to the lower 
region of said first reactor 1 by a connecting part 5; said solid/gas separator 4 being connected through a recycle line 
6 to one ore more points of relntroduction Into said connecting part 5 or into said reactor 1 ; said apparatus having a 
line 1 2 for feeding a catalyst Into said reactor 1 ; a polymer discharge system 1 1 from said reactor 2; a line 1 3 for feeding 

35 monomers; the said apparatus being further characterised in that it comprises a line 15 for feeding gas or liquid into 
said reactor 2, preferably placed in the upper part of said reactor 2. 

[0065] According to a preferred embodiment the apparatus also comprises a line 1 8 connecting line 6 to a condenser 
1 9, which is connected via line 1 5 to the reactor 2 and also comprises a recycle line 20 for not condensed components 
back to the recycle line 6. 

40 [0066] Preferably the line 1 5 is also provided with a vessel 22 and line 20 connects the upper part of the said vessel 
to line 6. The line 15 may also be provided with a heater 24. 

[0067] According to a further embodiment, the exit from the riser 1 is shaped as a sudden restriction, or the section 
3, connecting the riser 1 to the separator 4, has a smaller diameter than the riser 1 , or the riser 1 and the section 3 
form a sharp angle. 

45 [0068] In order to provide a better understanding of the invention the following examples are reported which are 
given for illustrative purposes only and shall not be construed as limitative of the invention. 

EXAMPLES 

50 Characterisations 

[0069] The properties stated were determined according to the following methods: 

f^elt Index E (MIE): ASTM-D 1238 method E. 
55 Melt index F (MIF): ASTM-D 1238 method F. 

Melt index L (MIL): ASTM-D 1238 method L. 

Ratio of degrees (F/E): ratio between melt index E and melt index F. 

Density: ASTM-D 792. 
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Flexural elasticity modulus (MEF): the samples were nucleated with talc 0.85 wt. % in examples 1 to 34; with 
"Millad 3988" 0. 1 6 wt. % In example 44; not nucleated in example 45; the tests were carried out according to ASTM 
D-790. 

Hardness "shore D": ISO 868. 

5 Insolubility index: in xylene at 25 °C. 

Intrinsic viscosity (I.V.): in tetrahydronaphtalene at ISS^'C. 

[0070] The differential scanning calorlmetry (DSC) measurements have been carried out on a DSC-7 apparatus of 
Perkin Elmer Co. Ltd., according to the following procedure. About 10 mg of sample are heated to 1 80°C with a scanning 
10 speed equal to 1 0°C/minute; the sample is kept at 1 80°C for 5 minutes and thereafter is cooled with a scanning speed 
equal to 10°C/minute. A second scanning is then carried out, according to the same modalities as the first one. The 
values reported are those obtained in the second scanning. 

[0071 J Polydispersity index (P.I.): this property is strictly connected with the molecular weight distribution of the pol- 
ymer under examination. In particular it is inversely proportional to the creep resistance of the polymer in the molten 
15 State. Said resistance, called modulus separation at low modulus value, i.e. 500 Pa, was determined at a temperature 
of 200 °C by using a parallel plates rheometer model RMS-800 marketed by RHEOMETRICS (USA), operating at an 
oscillation frequency which increases from 0.1 rad/s to 100 rad/s. from the modulus separation value, one can derive 
the P.I. by way of the equation: 

P.I. = 54.6*{modulus separation)-^ . , 
20 [0072] In which the modulus separation is defined as: 

Modulus separation = frequency at G =500 Pa/frequency at G"=500Pa 
Wherein G' is the storage modulus and G" is the low modulus. 

General procedure 

25 

[0073] Polymerisations were carried out under continuous conditions in a plant comprising a gas phase polymerisa- 
tion apparatus of the kind shown in figure 1 . 

[0074] The catalyst was sent to the gas phase polymerisation apparatus. The latter comprised two cylindrical reac- 
tors, riser 1 and downcomer 2, interconnected by sections 3 and 5. Fast fluidisation conditions were established in 
30 reactor 1 by recycling gas from the gas-solid separator 4 through recycle line 6 (equipped with a compressor 7 and a 
heat exchanger 8) to a point 9 at the beginning of section 5 and optionally, partly through line 1 0 to the bottom of reactor 
1 . The catalyst, prepolymerised with propylene, was introduced through line 1 2. Make-up monomers and hydrogen as 
molecular weight regulator were fed through line 13. 

[0075] A gas stream (barrier feed) was fed to the reactor through line 1 5 in the operative examples, with the exception 
35 of the comparison examples, where such barrier feed was not present. The produced polymer was continuously dis- 
charged through line 1 1 . The flow of polymer exiting the downcomer 2 was controlled by a Q ball valve operated by a 
gas stream taken from recycle stream 9. . 

[0076] Unless otherwise specified the "barrier feed" is intended in the gas state. 

[0077] The quantity of polymer recirculated in the apparatus during the tests was comprised between 500 and 5,000 
40 Kg/h. 

Examples 1 to 1 1 (polymerisation of propylene). 

[0078] An apparatus as described above was utilised to polymerise propylene. Both riser and downcomer had a 
45 nominal diameter DN 100. The catalyst employed comprised a catalyst component prepared with the procedure de- 
scribed in EP A 728 769, example 1 , and triethylaluminium (TEAL) in a molar ratio TEAL/Ti of 280. The recirculated 
gas was completely reintroduced through line 9. The temperature throughout the reactor was kept at about 80 °C and 
the pressure at about 30 bar. Other operative conditions and the characteristics of the produced polymer are indicated 
in Table 1 . 

50 

Examples 12 to 19 (polymerisation of propylene). 

[0079] An apparatus as described above was utilised to polymerise propylene. Both riser and downcomer had a 
nominal diameter DN 1 00. The catalyst employed comprised a catalyst component prepared as described in EP A 728 
55 769, example 5, lines 46 to 53. Such catalyst component was used with dicyclopentyldimethoxysilane as external donor 
and with triethylaluminium (TEAL). The molar ratio TEAL/Ti was 280; the molar ratio TEAL/external donor was 8. The 
recirculated gas was completely reintroduced through line 9. The temperature throughout the reactor was kept at about 
80 ''C and the pressure at about 30 bar. Other operative conditions and the characteristics of the produced polymer 



9 



EP1 012195 B1 

are indicated in Table 1 , 

Examples 20 to 25 (polymerisation of propylene). 

5 [0080] An apparatus as described above was utilised to polymerise propylene. The riser had a nominal diameter DN 
150, the downcomer had a nominal diameter DN 100. The catalyst employed was prepared as described above for 
examples 12 to 19. The recirculated gas was reintroduced through line 10 except a minor amount recirculated through 
line 9 to carry the circulating polymer through section 5. The temperature throughout the reactor was kept at about 80 
°C and the pressure at about 32 bar. Other operative conditions and the characteristics of the produced polymer are 

70 indicated in Table 1 . 

. Examples 26 to 34 (polymerisation of propylene). 

[0081] An apparatus as described above was utilised to polymerise propylene. The riser had a nominal diameter DN 
15 200, the downcomer had a nominal diameter DN 100. The catalyst employed was prepared as described above for 
examples 1 2 to 1 9. The recirculated gas was reintroduced through line 1 0 except a minor amount recirculated through 
line 9 to carry the circulating polymer through section 5. The temperature throughout the reactor was kept at about 85 
°C and the pressure at about 30 bar. Other operative conditions and the characteristics of the produced polymer are 
indicated In Table 1. 

20 

Examples 35 to 38 (homo- and copolymerisation of ethylene). 

[0082] An apparatus as described above was utilised to polymerise ethylene and to copolymerise ethylene with 
butene. Both riser and downcomer had a nominal diameter DN 1 00. The catalyst employed was prepared as described 
25 above for examples 1 to 11 . The recirculated gas was reintroduced through line 1 0 except a minor amount recirculated 

through, line 9. to carry the circulating polymer through section 5. Make-up ethylene was fed through line 13 except a 
minor amount fed directly into the downcomer. The temperature throughout the reactor was kept at about 85 '^C and 
the pressure at about 25 bar. Other operative conditions and the characteristics of the produced polymer are indicated 
in Table 2. . . 

30 

Example 39 (Preparation of a blend of propylene homopolymer and ethylene modified polypropylene). 

. [0083] An apparatus as described above was utilised to polymerise propylene and to copolymerise propylene with 
ethylene. The riser had a nominal diameter DN 200, the downcomer had a nominal diameter DN 100. The catalyst 
. 35 employed was prepared as described .above, for examples 12 to 19. The recirculated gas was reintroduced through 
line 10 except a minor amount recirculated through line 9 to carry the circulating polymer through section 5. The tem- 
perature throughout the reactor was kept at about 80 °C and the pressure at about 30 bar. Other operative conditions 
and the characteristics of the produced polymer are indicated in Table 3. 

40 Examples 40 to 42 (polymerisation of propylene). 

[0084] To polymerise propylene, an apparatus as described above was utilised, except for the position of the heat 
exchanger, which was now placed on line 1 0. The riser had a nominal diameter DN 200, the downcomer had a nominal 
diameter DN 100. The catalyst employed comprised a catalyst component prepared as described in BP A 728 769, 
. .45. -example 5, lines 46. to 53. Such catalyst component was used with dicyclopentyldimethoxysilane as external donor 
. . and with.triethylalumlnium (TEAL). The molar ratio TEAL/Tl was 1 05; the molar ratio TEAUexternal donor was 8. The 
recirculated gas was completely reintroduced through line 10 except a minor amount recirculated through line 9 to 
carry the circulating polymer through section 5, The temperature throughout the reactor was kept at about 85 °C and 
the pressure at about 26 bar, except In example 42 where it was kept at about 30 bar. 
so [0085] In order to verify the possibility of using the upper part of the downcomer 2 as a fractionating column the 
barrier feed was introduced prevalently In the liquid state and it contained 1 % by mot. of hydrogen. In order to produce 
a broad MWD polymer, the hydrogen concentration in the downcomer must be very low. 
[008^] Other operative conditions and the characteristics of the produced polymer are indicated in Table 4. 

55 Example 43 (Preparation of a blend of propylene homopolymer and ethylene modified polypropylene). 

[0087] To prepare the above-mentioned product, an apparatus as described above was utilised, except for the po- 
sition of theheat exchanger, which was now placed on line 1 0. The riser had a nominal diameter DN 200, the downcomer 
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had a nominal diameter DN 100. The catalyst employed comprised a catalyst component prepared as described in EP 
A 728 769. example 5, lines 46 to 53. Such catalyst component was used with dicyclopentyldimethoxysilane as external 
donor and with triethylaluminium (TEAL). The molar ratio TEAL/Ti was 110; the molar ratio TEALyexternal donor was 
8, The recirculated gas was completely reintroduced through line 10 except a minor amount recirculated through line 
9 to carry the circulating polymer through section 5. The temperature throughout the reactor was kept at about 85 °C 
and the pressure at about 30 bar. 

[0088] The barrier feed was introduced into the upper part of the downcomer in the liquid state. 

[0089] Other operative conditions and the characteristics of the produced polymer are indicated in Table 5. 

Example 44 (Preparation of a blend of two different ethylene modified polypropylene polymers). 

[0090] To prepare the above-mentioned product, an apparatus as described above was utilised, except for the po- 
sition of the heat exchanger, which was now placed on line 1 0. The riser had a nominal diameter DN 200, the downcomer 
had a nonriinal diameter DN 100. The catalyst employed comprised a catalyst component prepared as described in EP 
A 728 769, example 5, lines 46 to 53. Such catalyst component was used with dicyclopentyldimethoxysilane as external 
donor and with triethylaluminium (TEAL). The molar ratio TEAL/Ti was 105; the molar ratio TEALyexternal donor was 
8. The recirculated gas was completely reintroduced through line 10 except a minor amount recirculated through line 
9 to carry the circulating polymer through section 5. The temperature throughout the reactor was kept at about 70^C 
and the pressure at about 24 bar. 

[0091] The barrier feed was introduced into the upper part of the downcomer in the liquid state. In this example the 
barrier feed (propylene) was regulated to allow a minor amount of the ethylene containing gas entrained with the 
polymer flowing into the downcomer to enter the latter. Thus a propylene copolymer was produced in the downcomer 
with a smaller amount of- bound ethylene than that produced in the riser. 

[009'2] Other operative conditions and the characteristics of the produced polymer are indicated in Table 6. 

Example 45 (Preparation of a blend of propylene homopolymer and ethylene modified polypropylene "soft 
grade"). 

[0093] To prepare the above-mentioned product, an apparatus as described above was utilised, except for the po- 
sition of the heat exchanger, which was now placed on line 1 0. The riser had a nominal diameter DN 200, the downcomer 
had a nominal diameter DN 100. The catalyst employed comprised a catalyst component prepared according to the 
procedure described below. 

[0094] A Mg/alcohol adduct in spherical particle form was prepared as described in example 2 of USP 4,399,054, 
but operating' at 3,000 rpm instead of 1 0,000 rpm the adduct was partially dealcoholated by heat at increasing tem- 
peratures from 30°C to 180°C operating in nitrogen current until a EtOH/MgCl2 = 1 adduct was obtained. In a 1 litre 
flask equipped with a condenser and a mechanical agitator were introduced, under a nitrogen current, 625 ml of TiCl4. 
At 0°C while agitating were added 25 g of partially dealcoholated adduct. It was then heated up to lOO'^C in 1 hour, 
when the temperature reached 40''C diisobutylphtalate (DIBF) was added in a molar ratio Mg/DIBF=8. The temperature 
was maintained at 100°C for 2 hours, it was then left to decant and aftenn/ards the hot liquid was siphoned off. 550 ml 
of TiCl4 were added and it was heated to 1 20°C for 1 hour. Finally, it was left to settle and liquid was siphoned off while 
hot; the residual solid was washed 6 times with 200 ml aliquots of anhydrous hexane at 60°C and 3 times at room 
temperature. The solid was then dried under vacuum. A spherical catalytic component was obtained having a Ti content 
by weight of 2.2% and a DIBF content by weight of 6.8%. 

[0095] Such catalyst component was used with dicyclopentyldimethoxysilane as external donor and with triethyla- 
luminium (TEAL). The molar ratio TEAL/Ti was 250; the molar ratio TEAUexternal donor was 9. The recirculated gas 
was completely reintroduced through line 10 except a minor amount recirculated through line 9 to carry the circulating 
polymer through section 5. The temperature throughout the reactor was kept at about 65°C and the pressure at about 
18 bar; 

[0096] Other operative conditions and the characteristics of the produced polymer are indicated in Table 7, 
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Claims 

1 . A process for the catalytic polymerisation in the gas-phase carried out in at least two interconnected polymerisation 
zones, the process comprising feeding one or more monomers to said polymerisation zones in the presence of 

5 catalyst under reaction conditions and collecting the polymer product from said polymerisation zones, in which 

process the growing polymer particles flow upward through one of said polymerisation zones (riser) under fast 
fluidisation or transport conditions, leave said riser and enter another polymerisation zone (downcomer) through 
which they flow downward under the action of gravity, leave said downcomer and are reintroduced into the riser, 
thus establishing a circulation of polymer between the riser and the downcomer, the process being further char- 

10 acterised in that: 

means are provided which are capable of totally or partially preventing the gas mixture present in the riser 
from entering the downcomer, and 

a gas and/or liquid mixture having a composition different from the gas mixture present in the riser is introduced 
'5 into the downcomer. 

2. The process according to claim 1 , wherein the introduction into the downcomer of the said gas and/or liquid mixture 
having a composition different from the gas mixture present in the riser is effective in preventing the latter mixture 
from entering the downcomer. 

20 

3. The process according to claim 2, wherein the introduction of the gas and/or liquid mixture of different composition 
into the downcomer establishes a net gas flow upward at the upper limit of the downcomer. 

4. The process according to claim 2 or 3, wherein the introduction of the gas and/or liquid mixture of different com- 
25 position into the downcomer is effected through one or more introduction lines placed into the downcomer. 

5. The process according to claim 4, wherein said one or more introduction lines are placed at a point close to the 
upper limit of the volume occupied by the densif led solid. 

30 6. The process according to claim 1 or 2, wherein the gas and/or liquid mixture having a composition different from 
the gas mixture present in the riser is introduced into the downcomer in partially or totally liquefied form. 

7. The process according to claim 6, wherein said partially or totally liquefied mixture is sprinkled over the upper 
surface of the bed of densified polymer particles. 

35 

8. The process according to claim 1 or 2, wherein more than one downcomers are provided, the gas mixture arriving 
from the riser being prevented to enter only into some of the downcomers, while in the other downcomer(s) the 
circulation of said gas mixture is permitted. 

^0 9. The process according to claim 8, wherein gas and/or liquid mixtures having compositions different among them 
and also different from the composition of the gas mixture present in the riser are fed to the different downcomers. 

10. The process according to claim 6, wherein the gas-mixture circulating in the riser consists of components having 
different volatility and part of it is compressed and cooled to partly condense, the liquid part thus obtained being 

"fs sent to the downcomer. 

11. The process according to claim 10, wherein the said gas-mixture circulating in the riser contains hydrogen. 

1 2. The process according to claim 1 0, wherein the said gas-mixture circulating in the riser contains ethylene, propylene 
50 and optionally an inert alkane. 

13. The process according to any of claims 1 0 to 12, wherein the upper part of the downcomer is used as a stripping 
column to remove the most volatile component(s) from the liquid fed to the downcomer, the said component(s) 
being made to flow upwards. 
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14. An apparatus for the gas-phase catalytic polymerisation comprising a first vertical reactor (1), a second vertical 
reactor (2), the upper region of said reactor (1) being connected by a connecting part (3) to a solid gas separator 
(4), which is in turn connected to the upper region of said second reactor (2) the lower region of said second reactor 
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(2) being connected to the lower region of said first reactor (1) by a connecting part (5) said solld/gas separator 

(4) being connected through a recycle line (6) to one ore more points of reintroduction into said connecting part 

(5) or Into said reactor (1), said apparatus having a line (12) for catalyst feeding into said reactor (1), a polymer 
discharge system (11) from said reactor (2), a line (13) for feeding monomers, the said apparatus being further 
characterised in that it comprises a line (15) for feeding gas or liquid into said reactor (2). 

15. The apparatus according to claim 14, wherein the line (15) for feeding gas or liquid into said reactor (2) is placed 
In the upper part of said reactor (2). 

16. The apparatus according to claim 13 or 14 comprising a line (18) connecting the recycle line (6) to a condenser 
(19), connected to the reactor (2) through the line (15) for feeding gas or liquid into the said reactor (2) and back 
to line (6) through a line (20) for recycling gases. 

17. The apparatus according to claim 14 or 15 comprising a line (18) connecting the recycle line (6) to a condenser 
(19), connected to a separating vessel (22) connected to the reactor (2) through the line (15) for feeding gas or 
liquid into the said reactor (2) and back to line (6) through a line (20) for recycling gases. 

18. The apparatus according to claims 16 or 17, wherein the line (15) for feeding gas or liquid Into the reactor (2) is 
equipped with an heater (24). 

19. The apparatus according to claim 14, wherein the upper part (25) of the reactor (2) has a larger diameter than the 
- "rest of the reactor. ■ • . . 

20. The apparatus according to claim 14, wherein the exit from the riser (1) is shaped as a sudden restriction. 

21. The apparatus according to claim 14, wherein the section (3), connecting the riser (1) to the separator (4), has a 
. smallerdiameter than the riser (.1). 

22. The apparatus according to claim 14, wherein the riser (1) and the section (3) form a sharp angle. 
Revendications 

1. Un precede de polymerisation catalytique en phase gazeuse, mis en oeuvre dans au moins deux zones de poly- 
merisation interconnectees, le proced6 comprenant la foumlture d'un ou plusieurs monom^res auxdites zones de 
polymerisation, en presence de catalyseurs dans des conditions de reactions, et la collecte du produit polymere 
depuis lesdites zones de polymerisation, precede dans lequel les particuies de polymere en croissance s'ecoulent 
vers le haut en traversant Tune desdites zones de polymerisation (colon ne montante) dans des conditions de 
fluidisation ou de transport rapide, quittent ladlte colonne montante et penetrent dans une autre zone de polyme- 
risation (colonne descendante) par laquelle elles s'ecoulent vers le bas sous Taction de la gravlte, quittent ladlte 
colonne descendante et sont reintroduites dans la colonne montante, etablissant ainsi une circulation de polymere 
entre la colonne montante et la colonne descendante, le precede etant en outre caracterlse en ce que : 

des moyens sont prevus capables d'empecher totalement ou partiellement le melange de gaz present dans 
la colonne montante de penetrer dans la colonne descendante, et 

un melange de gaz et/ou de liquide d'une composition differente du melange de gaz present dans la colonne 
montante est introduit dans la colonne descendante. 

2. Le proc6de selon la revendication 1 , dans lequel I'introduction dans la colonne descendante dudit melange de gaz 
et/ou de liquide, ayant une composition differente du melange de gaz present dans la colonne montante, est 
efficace pour empecher le dernier melange de penetrer dans la colonne descendante. 

3. Le precede selon la revendication 2, dans lequel I'introduction du melange de gaz et/ou de liquide de composition 
differente dans la colonne descendante etablit un ecoulement de gaz net montant, a la limite superieure de la 
colonne descendante. 

4. Le precede selon la revendication 2 ou 3, dans lequel Tintroduction de melange de gaz et/ou de liquide de com- 
position differente dans la colonne descendante est effectuee a travers une ou plusieurs tuyauteries d'introduction 
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placees dans la colonne descendante. — • ^ ■ - - , ■ 

5. Le precede salon la revendication 4, dans lequel lesdites una ou plusieurs tuyauteries d'introduction sont placees 
en un point proche.de. la limite superieure du volume occupy par le solide densifle. 

6. Le precede selon la revendication 1 ou 2, dans lequel le melange de gaz et/ou de liquide ayant une composition 
differente du melange de gaz present dans la colonne montante est introduit dans la colonne descendante sous 
une forme partiellement ou totalement iiqueflee. 

7. Le precede selon la revendication 6, dans lequel ledit melange partiellement ou totalement liquefle estpulv§ris6 
- sur la surface superieure du lit des particules de polymere densifiees. • 

8. Le procede selon la revendication 1 ou 2, dans lequel un nombre de colonnes descendantes superieur a un est 
prevu, le melange de gaz vieriant de la colonne montante 6tant empech§ de pen^trer uniquemenl dans certaines 
des colonnes descendantes, tandis que, dans la ou les autres colonnes descendantes, la circulation dudit melange 
de gaz est permise. 

9. Le procede selon la revendication 8, dans lequel les melanges de gaz et/ou de liquides, ayant des compositions 
differentes entre eux et 6tant §galement dlff^rents de la composition du melange de gaz present dans la colonne 
montante, sont intreduits aux differentes colonnes descendantes. 

10. Le procede selon la revendication 6, dans lequel le melange de gaz circulant dans la colonne montante est forme 
de composants ayant une volatillte differente et dent une partie est comprimee et refroidie pour se condenser 
partiellement, la partie liquide ainsi obtenue etant envoyee a la colonne descendante. 

11. Le procede selon la revendication 1 0, dans lequel ledit melange de gaz circulant dans la colonne montante centient 
de I'hydrogene. 

1 2. Le procede sislon la revendication TO, dans lequel ledit melange de gaz circulant dans la colonne montante contient 
de r^thylene, du propylene et, en option, un alcane inerte. 

13. Le procede selon Tune quelconque des revendications 10 a 12, dans lequel la partie superieure de la colonne 
descendante est utilis^e comme colonne de rectification pour supprimer le ou les composants les plus volatiles 
du liquldfe fourni a la colonne descendante, le ou lesdits composant(s) etant mis en ecoulement ascendant. 

14;' Un dispositif pour la polymerisation eatalytique en phase gazeuse, comprenant un premier reacteur vertical ((1), 
' un deuxieme reacteur vertical (2), la zone superieure dudit reacteur (1 ) etant reliee, par une partie de connexion 
(3)i k un ^enerateur de gaz solide (4), qui, a son tour, est relie a la zone superieure dudit deuxieme reacteur (2), 
la zone inf^rieure dudit deuxieme reacteur (2) etant reliee a la zone inferieure dudit premier reacteur (1) par une 

. • partie de liaison (5). ledit separateur solide/gaz (4) 6tant reli6, par une tuyauterie de recyclage (6), k un ou plusieurs 
point(s) de reintroduction dans ladite partie de connexion (5) ou dans ledit reacteur (1 ), ledit dispositif comportant 
une tuyauterie (12) pour alimenter en:catalyseur a I'interieur dudit reacteur (1),-un systeme de decharge de poly- 
meres (11) depuis ledit reacteur (2), une tuyauterie (13) pour assurer I'alimentation en monomeres, ledit dispositif 
. . etant en outre caracterise en ce qu'il comprend une tuyauterie (15) pour fournir du gaz ou du liquide dans ledit 
reacteur (2). 

15. Le dispositif selon la revendication 14, dans lequel la tuyauterie (15) permettant de fournir du gaz ou du liquide 
dans ledit reacteur (2) est placee dans la partie superieure dudit reacteur (2). 

16. Le dispositif selon la revendication 1 3 ou 14, comprenant une tuyauterie (18) reliant la tuyauterie de recyclage (6) 
a un cendenseur (1 9), connecte au reacteur (2) par la tuyauterie (1 5) pour fournir du gaz ou du liquide dans ledit 

• * reacteur (2) et revenir a la tuyauterie (6) par un tuyauterie (20) pour recycler les gaz. 

17. Le dispositif selon la revendication 1 4 ou 1 5, comprenant une tuyauterie (1 8) reliant la tuyauterie de recyclage (6) 
a un cendenseur (19), reliee k un recipient de separation (22) relie au reacteur (2) par la tuyauterie (15) pour 
fournir du gaz ou du liquide dans ledit reacteur (2) et retoumer k la tuyauterie (6) par une tuyauterie (20) pour 
recycler les gaz. 
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18. Le dispositif selon la revendication 16 ou 17, dans lequel la tuyauterie (15) pour fournir du gaz ou du liquide dans 
le reacteur (2)est equlpee d'un element chauffant (24). 

1 9. Le dispositif selon la revendication 1 4, dans lequel la partie superieure (25) du reacteur (2) a un plus grand diannetre 
que le reste du reacteur. 

20. Le dispositif seton la revendication 14, dans lequel la sortie de la colonne montante (1) est profilee en creant une 
restriction soudaine. 

21. Le dispositif selon la revendication 14, dans lequel la section (3)reliant la colonne montante (1) au separateur (4) 
est d'un plus petit diametre que la colonne montante (1). 

22. Le dispositif selon la revendication 1 4, dans lequel la colonne montante (1 ) et la section (3) torment un angle vif aigu. • 



Patentanspruche 

1. Verfahren fur die katalytische Polymerisation in der Gasphase, ausgefuhrt in mindestens zwei miteinander ver- 
bundenen Poiymerisationszonen, wobei das Verfahren Zufuhren von einem oder mehreren Monomeren zu den 
Polymerisationszonen in Gegenwart von Katalysator unter Reaktionsbedingungen und Sammein des Polymer- 
produkts aus den Polymerisationszonen umfasst, wobei in dem Verfahren die wachsenden Polymerteilchen auf- 
warts durch eine der Polymerisationszonen (Riser) unter schnellen Fluidisierungs- oder Transportbedingungen 
stromen, den Riser verlassen und in eine weitere Polymerisationszone (Downcomer) eintreten, durch die sie unter 
der Wirkung der Schwerkraft abwarts stromen, den Downcomer verlassen und wieder in den Riser eingefuhrt 
werden, wodurch ein Kreislauf von Polymer zwischen dem Riser und dem Downcomer hergestellt wird, wobei das 
Verfahren au3erdem dadurch gekennzeichnet ist, dass: 

Mittel bereitgestellt werden, die ganzlich oder teilweise verhindern konnen, dass das in dem Riser vorliegende 
Gasgemisch in den Downcomer eintritt, und 

ein Gas- und/oder Flussigkeitsgemisch mit einer Zusammensetzung, die sich von dem in dem Riser vorlie- 
genden Gasgemisch unterscheidet, in den Downcomer eingefuhrt wird. 

2. Verfahren nach Anspruch 1 , wobei die Einfuhrung des Gas- und/oder Flussigkeitsgemischs mit einer von dem in 
dem Riser vorliegenden Gasgemisch verschiedenen Zusammensetzung in den Downcomer beim Hindern des 
letzteren Gemisches am Eintreten in den Downcomer wirksam ist. 

3. Verfahren nach Anspruch 2, wobei die Einfuhrung des Gas- und/oder Flussigkeitsgemisches verschiedener Zu- 
sammensetzung in den Downcomer einen Netto-Gasstrom aufwarts an deroberen Grenze des Downcomers her- 
stent. 

4. Verfahren nach Anspruch 2 oder 3, wobei die Einfuhrung des Gas- und/oder Flussigkeitsgemisches verschiedener 
Zusammensetzung in den Downcomer durch eine oder mehrere in dem Downcomer angeordnete Einfuhrungslei- 
tungen erfolgt. 

5. Verfahren nach Anspruch 4, wobei die eine oder mehrere Einfuhrungsleitungen an einem Punkt, nahe der oberen 
Grenze des durch den verdichteten Feststoff eingenommenen Volumens, angeordnet sind. 

6. Verfahren nach Anspruch 1 oder 2, wobei das Gasund/oder Flussigkeitsgemisch mit einer von dem in dem Riser 
vorliegenden Gasgemisch verschiedenen Zusammensetzung in teilweise oder vollstandig verflussigter Form in 
den Downcomer eingefuhrt wird. 

7. Verfahren nach Anspruch 6, wobei das teilweise oder vollstandig verflussigte Gemisch uber die obere Oberflache 
des Betts von verdichteten Polymerteilchen gerieselt wird. 

8. Verfahren nach Anspruch 1 oder 2, wobei mehr als ein Downcomer bereitgestellt werden, wobei das aus dem 
Riser kommende Gasgemisch am Eintreten In nur einige der Downcomer gehindert wird, wahrend in dem/den 
Downcomer(n) der Kreislauf des Gasgemisches eriaubt wird. 
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9. Verfahren nach Anspruch 8» wobei Gas- und/oder Flussigkeitsgemische, die untereinander verschiedene Zusam- 
mensetzungen aufweisen und auch von der Zusammensetzung des in dem Riser vorliegenden Gasgemisches 
verschieden sind, zu den verschiedenen Downcomern gespeist werden. 

10. Verfahren nach Anspruch 6, wobei das in dem Riser zirkulierende Gasgemisch aus Komponenten mit verschie- 
dener Fluchtigkeit besteht und ein Teil davon zum teilweise Kondensieren verdichtet und gekuhit wird, wobei der 
somit erhaltene flussige Teil zu dem Downcomer geschickt wird. 

11. Verfahren nach Anspruch 10, wobei das in dem Riser zirkulierende Gasgemisch Wasserstoff enthall. 

12. Verfahren nach Anspruch 10, wobei das in dem Riser zirkulierende Gasgemisch Ethylen, Propylen und gegebe- 
nenfalls ein inertes Alkan enthalt. 

13. Verfahren nach einem der Anspruche 10 bis 12, wobei der obere Teil des Downcomers als eine Abstreifkolonne 
venwendet wird, urn die meiste(n) f luchtige(n) Komponente(n) aus der zu dem Downcomer zugefuhrten Flussigkeit 
zu entfernen, wobei man die Komponente(n) zum Aufwartsstromen veranlasst. 

14. Vorrichtung fur die katalytische Gasphasenpolymerisation, umfassend einen ersten vertlkalen Reaktor (1), einen 
zweiten vertlkalen Reaktor (2), wobei der obere Berelch des Reaktors (1) durch ein Verblndungsteil (3) an den 
Feststoff/Gasscheider (4) angeschlossen ist, welcherseinerseits an den oberen Bereich des zweiten Reaktors (2) 
angeschlossen ist, wobei der untere Bereich des zweiten Reaktors (2) an den unteren Bereich des ersten Reaktors 
(1) durch ein Verblndungsteil (5) angeschlossen ist, wobei der Feststoff/Gasscheider (4) uber eine Zuruckfuhrtei- 

' tung (6) ah einem Oder mehreren Punkten zur Wiedereinfuhrung in den-Verbindungsteil (5) oder in den Reaktor 
(1) angeschlossen ist, wobei die Vorrichtung eine Leitung (12) zur Zufuhr von Katalysator in den Reaktor (1), ein 
System (11) zur Entnahme von Polymer aus dem Reaktor (2), eine Leitung (13) zur Zufuhr von Monomeren auf- 
weist, wobei die Vorrichtung weiterhin dadurch gekennzeichnet ist, dass sie eine Leitung (15) zum Zufuhren 
von Gas oder Flussigkeit in den Reaktor (2) umfasst. 

15. Vorrichtung nach Anspruch 14, wobei die Leitung (15) zum Zufuhren von Gas oder Flussigkeit in den Reaktor (2) 

im oberen Teil des Reaktors (2) angeordnet ist. 

16. Vorrichtung nach Anspruch 13 oder 14, umfassend eine Leitung (1 8), die die Zuruckfuhrungsleitung (6) mit einem 
Kuhler (19) verbindet, angeschlossen an den Reaktor (2) uber die Leitung (1 5), zum Zufuhren von Gas oder Flus- 
sigkeit in den Reaktor (2) und zuruck zu Leitung (6) uber eine Leitung (20) zum Zuruckfuhren von Gasen. 

17. Vorrichtung nach Anspruch 14 oder 15, umfassend Leitung (18), die die Zuruckfuhrleitung (6) mit einem Kuhler 
(19) verbindet, angeschlossen an ein Trenngefa3 (22), das an den Reaktor (2) uber die Leitung (15) angeschlossen 
ist, zum Zufuhren von Gas oder Flussigkeit in den Reaktor (2) und zuruck zu Leitung (6) durch eine Leitung (20) 
zum Zuruckfuhren von Gasen. 

18. Vorrichtung nach Anspruch 16 oder 17, wobei die Leitung (15) zum Zufuhren von Gas oder Flussigkeit in den 
Reaktor (2) mit einem Heizer (24) ausgestattet ist. 

19. Vorrichtung nach Anspruch 14, wobei der obere Teil (25) des Reaktors (2) einen groBeren Durchmesser als der 
Rest des Reaktors aufweist. 

20. Vorrichtung nach Anspruch 1 4, wobei der Ausgang von dem Riser (1 ) als eine plotzliche Einschrankung geformt ist 

21. Vorrichtung nach Anspruch 14, wobei der Abschnitt (3), der den Riser (1) mit dem Scheider (4) verbindet, einen 
kleineren Durchmesser als der Riser (1) aufweist. 

22. Vorrichtung nach Anspruch 14, wobei der Riser (1) und der Abschnitt (3) einen spitzen Winkel bilden. 
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